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1
WELDING OF SINGLE CRYSTAL ALLOYS

The present invention relates to the welding of single crys-
tal alloys and in particular to a method of linear friction
welding single crystal alloys.

Single crystal alloys are used 1n the manufacture of a wide
range ol components used 1n gas turbine engines. To extend
cyclic life, hot components such as turbine blades and nozzle
guide vanes are cast from single crystal alloys so that they do
not contain any grain boundaries.

Increasing there 1s a requirement to conduct high integrity
welding of these single crystal alloys. For example an aerofoil
blisk comprises a plurality of blades welded onto the outer
periphery of the disc or onto posts extending from the rim of
the disc. It 1s known to join the blades to the disc by friction
welding. In this process a blade member (which will subse-
quently be machined to form the finished blade) 1s oscillated
relative to a stationary disc whilst a load 1s applied 1n a radial
direction towards the disc. Initially the joint faces are brought
into contact with a moderate forge load and heat 1s generated
by friction due to the relative motion between the joint faces.
The heat softens the material at the joint interface and plastic
flow causes material to be extruded as flash from the edges of
the joint. In the final phase relative motion ceases and a bond
1s created by the continued application of the same forging
load or by increasing the forging load.

The advantage of the friction welding process 1s that inti-
mate contact 1s maintained and any contaminants at the joint
interface are expelled as the flash 1s extruded. The cycle takes
seconds to complete and the integrity of thus process lends
itsell to use on critical parts such as blisks.

Difficulties have been encountered however when trying to
frictionally weld turbine blades manufactured from single
crystal alloys onto a disc. The anisotropic properties of single
crystal alloys results in differing resistance to the plastic tlow.
The resistance to the plastic tlow depends on the direction of
loading. When applied to the linear friction welding process,
these variations 1n resistance to plastic flow result in different
weld behaviour for different orientations of the single crystal
with respect to the weld oscillation and the forge load.

For particular crystal orientations the required force for a
successiul weld can be excessive and may result 1n the failure
of the welding machine and/or the tooling, 1f not designed to
accommodate these excessive loads.

The present mvention seeks to overcome the aforemen-
tioned problems by establishing crystal orientations, which
mimmise the in-plane forces and enable the successiul weld-
ing of single crystal alloys by allowing plastic tlow. Plastic
flow 1s required to extrude the flash and produce a sound joint,
free of surface contaminants.

According to the present mvention a method of friction
welding a first single crystal component to a second compo-
nent comprises the steps of oscillating the components rela-
tive to one another whilst applying a forging force character-
1sed 1n that the single crystal component 1s orientated so that
a primary slip plane 1s aligned to a plane containing both the
direction of oscillation and the direction 1n which the forge
force 1s applied and a primary slip direction within the slip
plane 1s controlled within a angular range about the oscilla-
tion direction.

Preferably the primary slip plane 1n a face centred cubic
(FCC) crystal lattice system1s the (111) plane and the primary
slip direction 1s the <110> direction.

In the preferred embodiment of the present invention the
first component 1s formed from a FCC nickel based single
crystal alloy such as, but not exclusively, CMSX-4 of Can-
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2

non-Muskegon Corporation. The first component may be a
blade member or a post, which 1s friction welded to a disc for
use 1n a gas turbine engine.

In the preferred embodiment of the present invention the
primary <110> slip direction 1s controlled within an angular
range of the order of 0°-11° about the oscillation direction.

The present invention will now be described with reference
to the accompanying figures 1n which:

FIGS. 1a and 1b are pictorial views showing the preferred
orientation of a single crystal blade member relative to the
welding oscillation direction when welding to a disc.

FIG. 2 shows the co-ordinate points 1n a face centred cubic
(FCC) unit cell, which 1s a subdivision of a lattice represent-
ing a single crystal.

FIG. 3 shows the (111) slip plane and the <110> slip
direction of the FCC unit cell shown 1n FIG. 2.

FIG. 4 shows the friction load when resolved onto the
<110> ship direction of a FCC unit cell when aligned with the
oscillation direction.

FIG. 5 shows the friction load when resolved onto the
<110> slip direction of a FCC unait cell when not aligned with
the oscillation direction.

FIG. 6 1s a plot showing the optimum crystal orientation
angle kappa verses weld success.

FIG. 7 shows the characteristics of the forces 1n a success-
ful weld.

FIG. 8 shows the characteristics of the forces 1n an unsuc-
cessiul weld.

Referring to FIG. 1 a blade member 10 1s oscillated in the
direction of arrow A-A relative to a rim post 12 on a disc 14.
A forge force 1s applied radially and a weld 1s formed along
line 16.

The blade member 10 1s formed from a face centred cubic
(FCC) nickel based single crystal alloy, such as CMSX-4 of
Cannon-Muskegon Corporation. The single crystal blade
member 10 essentially consists of a single unidirectional
grain.

FIG. 2 shows a unit cell of a face centred cubic (FCC)
lattice of a single crystal. Positions within the unit cell can be
located by the coordinate system shown 1n FIG. 2. Distance 1s
measured in terms of lattice parameters, the coordinates of
which are written as three distances x, y and z. A group of
equivalent crystallographic directions are indicated by spe-
cial brackets “<>" and a group of equivalent crystallographic
planes are indicated by special brackets “{ }”. In a cubic
system a direction 1s perpendicular to a plane with the same
coordinates.

FIG. 3 indicates the (111) slip plane and the [110] slip
direction within the FCC unit cell. For the friction welding of
single crystal components, such as the blade member 10, the
orientation of the single crystal should be controlled to maxi-
mise the stress on the slip plane (111). By maximising the
stress on the (111) slip plane the in-plane friction forces and
the forge force are minimised. Minimising the in-plane forces

enables the single crystal blade member 10 to be successtully
welded to the rim 12 of the disc 14.

To minimise the in-plane forces the single crystal blade
member 10 1s orientated so that the forge load and the friction
load are applied to the (111) slip plane and the direction of
oscillation 1s applied in the <110> slip direction. FIG. 4 shows
the friction force when resolved into the <110> slip direction.

FIG. 5 indicates the reduction 1n the resolved stresses RS
when the friction loads are not applied directly in or on the
(111) slip plane.

The orientation of the active slip system, the {111} slip
plane and the <110> slip direction, of the single crystal blade
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member 10 must also be aligned within a controlled angular
range relative to the weld plane and the direction of oscilla-

tion A-A.

The ornientation relationship between the crystal direction
<001> and the specified axes of a component 1s termed the
primary orientation. The specified axes of a component are a
reference direction and a reference plane, which contains the
reference direction. For the blade member 10, FIG. 1, the
reference direction 18 is radial and the reference plane 20

contains the reterence direction 18 and the oscillation direc-
tion A-A.

The primary orientation measurement 1s in the form of six
characteristic angles gamma v, delta o, kappa K, theta 0, alpha
a. and rho p, which relate to the specified axes of the compo-
nent. The primary orientation of the crystal with respectto the
weld oscillation direction A-A must be defined to avoid
excessive Irictional forces. Angles alpha o, kappa K and theta
0 are important in controlling the resultant 1n plane friction
forces.

When linear friction welding the single crystal blade mem-
ber 10 to the nm post 12 on the disc 14 angles theta and kappa
are controlled. Using English convention, angle kappa 1is

defined as the clockwise rotation about the <001> direction
nearest to the reference direction, measured from the refer-
ence plane to the nearest <001> direction when viewing the
examined face B 1n FIG. 1a. The <001> direction nearest to
the reference direction may not be parallel to the later. The
angle theta 0, 1s defined as the deviation, regardless of direc-
tion, from the reference direction to the nearest <001> direc-
tion.

To form a successiul weld between the turbine blade mem-
ber 10 and the nm post 12 on the disc 14, the angle theta O 1s
kept at less than or equal to 20° and angle kappa K must be
kept within an angular range of the order of 34° to 36°. IT
kappa 1s kept within this angular range of 34° to 56° the weld
1s always successiul, FIG. 6.

FIG. 7 shows the characteristics of a successful weld with
low 1n-plane forces, which are stable.

FIG. 8 shows an unsuccessiul weld with larger, erratic
in-plane forces.

To successtully friction weld a single crystal component
the slip plane must be aligned to a plane containing the forge
and the friction forces whilst also controlling the <110>
direction nearest to the oscillation direction within an angular
range of the order of 0°-11° about the oscillation direction.
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If the onientation of the single crystal component 1s con-
trolled 1n this way the m-plane forces are reduced and a
successiul weld will be achieved.

Whilst the present invention has been described with ret-
erence to the friction welding of a single crystal blade mem-
ber onto a disc 1t will be appreciated that it 1s applicable to the
friction welding of any single crystal component.

The invention claimed 1s:

1. A method of friction welding a first single crystal com-
ponent to a second component comprising the steps of oscil-
lating the components relative to one another whilst applying
a forging force wherein the single crystal component 1s ori-
entated so that a primary slip plane 1s aligned to a plane
containing both the direction of oscillation and the direction
in which the forge force 1s applied and a primary slip direction
1s controlled within an angular range about the oscillation
direction.

2. A method of friction welding as claimed 1 claim 1
wherein the first component 1s a cubic lattice crystal and the
primary slip plane 1s the plane and the primary slip direction
1s the direction.

3. A method of friction welding as claimed 1 claim 2
wherein the primary slip direction 1s controlled within an
angular range of the order of 0°-11° about the oscillation
direction.

4. A method of friction welding as claimed in claim 2
wherein the first component 1s formed from a nickel based
single crystal alloy.

5. A method of iriction welding as claimed in claim 1 1n
which the first component is a blade member or a post and the
second component 1s a disc.

6. A method of friction welding as claamed i claim 3
wherein the first component 1s formed from a nickel based
single crystal alloy.

7. A method of friction welding as claimed 1n claim 2 1n
which the first component is a blade member or a post and the
second component 1s a disc.

8. A method of friction welding as claimed 1n claim 3 1n
which the first component is a blade member or a post and the
second component 1s a disc.

9. A method of Iriction welding as claimed in claim 4 1n
which the first component 1s a blade member or a post and the
second component 1s a disc.

10. A method of friction welding as claimed 1n claim 6 1n
which the first component is a blade member or a post and the
second component 1s a disc.
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